Tea saponin is known to suppress chick growth rate by decreasing feed intake, although the mechanism by which tea saponin decreases feed intake remains obscure. Since tea saponin has bitter taste, palatability was suggested to be a major factor affecting feed intake. However, there are some experimental results showing another possibility. The present experiment was conducted with chicks to evaluate the involvement of taste in the adverse effect of tea saponin on feed intake. When Single Comb White Leghorn male chicks were given a casein diet for at least 4h in experiments 1 and 2, 1% tea saponin depressed feed intake. The decrease in feed intake immediately after feeding (0-2h) was rather mild and became severer with time (2-4h).
Introduction
It is well known that high levels of alfalfa meal in a diet have a growth-depressing effect for chicks (Cheeke, 1980) . Protein concentrate extracted from alfalfa leaf also adversely affects chick growth rate (Cheeke, 1980; Ohshima and Ueda, 1984) . Furthermore, the concurrent feeding of cholesterol reverses growth depression due to alfalfa preparations (Cheeke, 1980; Ueda et al., 1986) . These results have led to the conclusion that alfalfa saponin is major factor causing growth depression (Cheeke, 1980; Ueda et al., 1996) .
Saponins are found in plant kingdom and have a diversity of properties (Fenwick and Oakenfull, 1983; Oakenfull, 1981; Price et al., 1987) . Recent studies have
shown that tea saponin inhibits chick growth rate (Ueda and Shigemizu, 1998; Ueda and Tanoue, 2000) . The growth depression in chicks due to alfalfa saponin or tea saponin and its alleviation by concurrent addition of cholesterol were always accompanied by corresponding changes of feed intake (Ueda et al., 1996; Ueda and Shigemizu, 1998; Ueda and Tanoue, 2000) . Thus,  saponins  are  considered  to suppress  growth  rate  by decreasing  feed  intake,  although  the  mechanism  involved  in the   decreased  feed  intake  remains  obscure.   Since  alfalfa  and  tea  saponins  have  bitter  taste,  palatability  was  suggested  to be a   primary  factor  affecting  feed intake (Cheeke, 1980; Cheeke et al., 1983; Price et al., 1987) . However, chicks were less sensitive to the difference in alfalfa saponin content in the diet than pigs or rats when the animals were given two-choice feeding tests (Cheeke et al., 1978 (Cheeke et al., , 1983 Leamaster and Cheeke, 1979 ; Chicks weighing about 140g were divided into four experimental groups of six chicks each. They had free access to two diets sequentially; the basal diet supplemented with or without 1% tea saponin.
The first and second diets were fed for 4 and 6h, respectively, and feed intake was recorded at 2-h intervals.
Experiment 2
Chicks weighing about 195g were divided into two experimental groups of 18 chicks each and given either the diet with or without 1% tea saponin for 4h. Feed intake was recorded at 0.5, 1, 2 and 4h. Experiment 3 Chicks weighing about 140g (trial 1) and 145g (trial 2) were divided into two experimental groups of six chicks each. They were administered 40 mg of tea saponin by different methods. To avoid the effect of taste, tea saponin was introduced directly to the proventriculus by capsules in trial 1. On the other hand, tea saponin was orally administered as a 1 % solution in trial 2. Controls were administered only capsules or 4ml water in trials 1 and 2, respectively. Chicks were given free access to the basal diet for 24h after the administration, during which feed intake was recorded at 4, 8 and 24 h. Statistical analysis Data were analyzed statistically by analysis of variance, followed by Tukey's multiple range test (Yoshida, 1975) .
Results
Effect of diet change on feed intake in chicks fed the basal diet added with or without tea saponin was studied in experiment 1 (Table 1) . Adding 1% tea saponin to the basal diet reduced feed intake within 2h. The depression in feed intake due to tea saponin lasted for the next 2h, which (0.73g) was severer than that of the first 2h (1.94 g). The adverse effect of tea saponin on feed intake was also observed in chicks already consuming the basal diet for 4h. In this case, feed intake of the 2-4h and 4-6h period after the diet change (0.93 and 1.02g, respectively) was similarly lower than that of the first 2h (1.50g). Chicks reduced feed intake as long as the saponin-added diet was given, but changing the saponin-added diet into the basal diet increased feed intake within 2h as compared with chicks given the saponin-added diet continuously. Feeding the basal diet was more effective in increasing feed intake of the second 2h after the diet change (4.73g) than that of the first 2h (3.00g).
Feeding response in the short-term (4h) to tea saponin was studied again in experiment 2 (Table 2 ). Due to the use of chicks with heavier body weight, the change in feed intake with time due to saponin was more clear-cut than that obtained in experiment 1. Tea saponin depressed feed intake throughout the experiment. Feed intake in chicks fed the basal and saponin-added diets was highest in the first 30min and gradually decreased with time. In the case of chicks given the basal diet, this feeding pattern was probably attributed to the overnight fasting prior to the experiment. However, the situation in chicks fed the saponin-added diet seemed to be different from that observed in chicks fed the basal diet. Feeding the saponin-added diet caused the 50% and 62% decreases in feed intake during the first and second 30 min, respectively. After that, chicks fed the saponin-added diet almost quit eating, and consequently total feed intake during last 3h was only 16% of the basal. Table 3 shows the time course of feed intake in chicks given 40mg tea saponin by the different methods in experiment 3. Tea saponin decreased feed intake within the first 4h, irrespective of different dosing methods. These adverse effects lasted until 8 h had passed, but they disappeared during 8-24h of the feeding period. Growth-depressing effect of tea saponin for chicks is demonstrated in 10-d feeding experiment (Ueda and Shigemizu, 1998; Ueda and Tanoue, 2000) . Results obtained from these experiments indicate that the growth depression due to tea saponin is attributed to the decreased feed intake. However, it is unknown how tea saponin suppresses feed intake. Bitter taste of saponins is considered to be a primary factor depressing feed intake (Cheeke, 1980; Cheeke et al., 1983; Price et al., 1987) . However, chickens were less sensitive to the presence of alfalfa saponin or quinine sulfate than rats (Cheeke et al., 1978 (Cheeke et al., , 1983 . Nevertheless, growth depression in chicks fed alfalfa leaf protein concentrate prepared from high-saponin variety extremely severer than that in rats (Ohshima and Ueda, 1984) . These results suggest there is another mechanism accounting for the decreased feed intake due to saponins. Besides, little information is available about the feeding behavior in chicks fed tea saponin. In the present experiment, the short-term feeding response to tea saponin was studied.
As shown in Tables 1 and 2 , chicks responded quickly to the presence of tea saponin in the diet by decreasing feed intake. This result does not deny the involvement of bitter taste of saponin in the decreased feed intake. However, the decrease in feed intake immediately after feeding tea saponin was rather mild and became severer with time as typically demonstrated in Table 2 . Chicks increased feed intake after switching the saponin-added diet to the basal diet as shown in Table 1 . This effect was manifested for the 2-4h of the feeding period rather than the first 2h, irrespective of the fact that feed intake of these chicks had been entirely suppressed by feeding the saponin-added diet. These results indicate that the aversion to the saponin-added diet dose not occur immediately after the ingestion of tea saponin, and the adverse effect of tea saponin on feed intake is carried over.
In experiment 3, tea saponin decreased feed intake even when it was administered directly to the proventriculus by capsules to avoid the effect of taste. Besides, the adverse effect of tea saponin introduced by capsules or the solution on feed intake was also carried over, despite the fact that chicks had free access to the basal diet. Similarly, large amounts of alfalfa saponin (0.5g) or tea saponin (0.1g) given by capsules completely suppressed feed intake in chicks over 24h after the administration (Ueda et al., 1996; Ueda and Shigemizu, 1998) . These results indicate that taste is not a primary factor decreasing feed intake in chicks given tea saponin.
According to Bondi et al. (1973) , alfalfa saponin inhibited the growth of fungi that contained cholesterol in their membrane, but such toxic effect was not observed in fungi that lacked cholesterol in the membrane. This result suggests that the interaction between saponin and membrane cholesterol exists. Although it is not known whether this possibility applies to higher animals, Story et al. (1984) observed that alfalfa saponin damaged the epithelial cells of jejunum and colon in rats. Johnson et al. (1986) reported that some saponins increased the permeability of the mucosal cells in the small intestine and inhibited the active nutrient transport. Therefore, saponins may adversely affect the intestinal function.
Force-feeding the diet containing alfalfa saponin or tea saponin is known to delay the feed passage rate in the intestine of chicks, which is overcome by adding cholesterol simultaneously to the saponin-added diet (Ueda et al., 1996; Ueda and Shigemizu, 1998) .
Thus, it seems likely that delayed feed passage rate is directly associated with the decreased feed intake due to saponins. This speculation is attractive to account for the various results obtained in the present experiment; 1) the decrease in feed intake was not acute immediately after the ingestion of tea saponin, 2) feed intake was depressed as long as chicks were given the saponin-added diet, and 3) the decreased feed intake persisted for a while even when tea saponin was removed from the diet.
Confirmation is needed to clarify the relation between feed intake and feed passage rate in chicks given tea saponin.
